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[Name of Document] SPECIFICATION 
• l™ eof ^mion] LIQUID CRYSTAL DEVICE, COLOR FILTER 

SUBSTRATE, METHOD FOR MANUFACTURING LIQUID CRYSTAL 
DEVICE, AND METHOD FOR MANUFACTURING COLOR FILTER 
SUBSTRATE 
[Claims] 

[Claim 1] A liquid crystal device comprising: 
a first substrate; 

a second substrate disposed so as to oppose the first substrate; 
a color layer provided on the first substrate; 

an insuring film provided on the color layer and comprising at least one of Ta 2 O s , 
Zr0 2 , and Ti0 2 as a primary component; and 

a conductive fi, m having the property of transmitting light provided on the 
insulating film. 

[Cairn 2] A liquid crystal device according to Claim 1, wherein, when an optional 

wavelength in the visible wavelength region is represented by X, the sum of the optica. 

•h.ckness of the insulating film and the optica, thickness of the conductive film is 

substantially equal to the product of A/2 and a natural number. 

[Claim 3] A liquid crystal device according to Claim 2, wherein X is 550 nm 

tdainWJAliquidcrystal device according to Cairn 1, further comprising a transparent 
res,n film between the color layer and the insulating film. 

[Cairn 5] A liquid crystal device accordjng tQ ^ ^ ^ ^ 
film between the color layer and the first substrate. 

[Claim 6] Aliquidcrystal device according toCIaiml, further comprising an underlying 
layer provided on the second substrate and composed ofamaterial substantially identical 



» »„ for ,he i„ suia „ ng film , and ,„ e|emem provjded ^ m ^ ^ 

[da™ 7J A Hqu.d crystal device according ,„ CI,™ 5, the „ nMlve ^„ „ as 

an opening portion therein. 

[Claim 8] A liquid crystal device according to Cairn 6, wherein the active dement is a 
TFD. 

[Claim 9] A liquid crystal device comprising: 
a first substrate; 

a second substrate disposed so as to oppose the firs, substrate; 
a color layer provided on the first substrate; 

an insulating film providedon the color layer and comprising Ta 2 0 5 as a primary 
component; and 

a conductive film having the property of transmitting light provided on the 
insulating film. 

[Claim 10] AliquidcrystaldeviceaccordingtoClaim 9, wherein the insulating film 

compnses at leas, one of Zr0 2 , Ti0 2> and SiQ 2 as a component. 
[Claim 11, A liquid crys.a. device according ,o Cairn 10, wherein, when an op.ional 

wavelen g ,h tn the visible waveleng.h region is represent by K the sum of ,he o P ,ica, 

•htckness of ,he insulating film and the optica, thickness of the conductive film is 

substantially equal to the product of X/2 and a natural number. 

[Claim 12] A liquid crystal device according to Cairn 11, wherein X is 550 nm. 

[Cairn 13] A liquid crystal device according to Claim 9, fimher comprising a 
transparent resin film [provided] between the color layer and the insulating film 

[Cairn 14] Aliquidcrysta, device according to Claim 9, farther comprising a reflective 
film [provided] between the color layer and the first substrate. 

[Claim 15] A liquid crystal device according to Claim 9, further comprising an 



underlying layer provided on the second substrate and composed of a material 
substantially identica, to that for the insulating film, and an active eIemem provjded on ^ 
underlying layer. 

[Claim 16] A liquid crystal device according to Claim 14, wherein the reflective layer 
has an opening portion therein. 

[Cairn 17] A liquid crystal device according to Claim 15, wherein the active element is 
a TFD. 

[Claim 18] A liquid crystal device comprising: 

an insulating film comprising a, least one of Ta 2 0 5 , Zr0 2 , and TiG 2 as a primary 
component; and 

a conductive film having the property of transmitting light provided on the 
insulating film. 

[Claim 19] A liquid crystal device according to Claim 18, wherein, when an optional 
wavelength in the visible wa V e,en g th region is represented by ^ the sum oftheoptica, 
thtckness of the insulating film and the optical thickness of the conductive film is 
substantially equal to the product of X/2 and a natural number. 
[Claim 20] A liquid crystal device according to Claim 19, wherein X is 550 nm. 
[Claim 21] A liquid crystal device comprising: 
a first substrate; 

a second substrate disposed so as to oppose the first substrate; 
a color layer provided on the first substrate; 

an insulating film [provided] on the color layer, having the property of transmitting 
h g ht,arefractiveindexofl.6to 2.0 in the visible wavelength region, and a thickness of 
10 nm to 100 nm; and 

a conductive film provided on the insuring film, having the property of 



8 tol.9 in the visible wavelength region, and a 



transmitting light, a refractive index of 1.8 
thickness of 100 nmto300nm. 
[C.a. m 22 JA ,, q „ idcrysa|deviceaccord|ngioC|ijm2]where 

*-ne ss „ fltainsuia „, gfllma „ d , hcoplica|ihickncssofiheconducijveflimi P 
»^H..I» fc ,*,„ llJlB „ |iiiikr 
[Claim 23) A liquid crysla , device comprjsing: 

re g.o„ and a ,hick„e ss „f 10 „ m lo lfJ0 nm; ^ ,CT S lh 

■ film provided „„ , he insu|a „. ng „, m hav|ng ^ 

- mi ,,,„ g ,, h ,,, refrac , lveiodMon8iol9|nthevjsibiewave|e 

thickness of 100 nm to 300 nm. 

' a -^A„ quUcrysWdeviceaccordingioC|ajm23 ^ ere 
.^^^-^.^ i .. T ^ b7l , lb . 1|11 . (lflt .^ I 

*-^.l. fcp * lrfl/2-1 „„ li>iiltr 
[Claim 25J A color filler s „bs,ra,e comprising: 
a substrate; 

a color layer provided on the substrate; 

™ i „ su ,„ inS fi lmprovidedon , hecoi ; riiyerandcon]ptjsjn8Meof 

and T.0 2 as a primary component; and 
insulating film. 

wa^'|'''' ^h^' ^ CO '°' ^''' er su l*slrale according lo Claim 25, wherein, when an optional 
wavelc„ 8 ,h,„,hevi s ihlewave,e„ 8 ,h,e g ,„„ is re P ,e S e„,cd by)sl he SU r„o f ,he: F< ical 



*„„„ a , lye< ,„ al , olheproduclofw2andlnaluralnumber 

(Clain, 29) A color fii ,„ subslrale 

has an opening portion therein. ^ 
[Claim 3!] A color filter substrate Uprising: 
a substrate; 

a color layer provided on the substrate- 

fClairn32] A color filter substrate according to Claim 31 wh • , 

c k ne ssof , h e,„ sula „„ gmmandlheopiica|ihi . c|messofihe P 
S " b5,M " a "^» a,to ^^o^a„ a ,„ a ,„ ra , numb „ 

^a m35JAco , orfi| , ersubs , raeac ^ ngKciaim3i ^ 



[Claim 36] A color filter substrate according to Claim 31, further comprising a reflective 
film [provided] between the color layer and the first substrate. 

[Claim 37] A liquid crystal device according to Claim 36, wherein the reflective layer 
has an opening portion therein. 
[Claim 38] A color filter substrate comprising: 
a substrate; 

a color layer provided on the substrate; 

an insulating film provided on the color layer, having the property of transmitting 
H g ht, a refractive index of 1.6 to 2.0 in the visible wave.ength region, and a thickness of 
10 nm to 100 nm; and 

a conductive film provided on the insulating film, having the property of 
transmitting light, a refractive index of 1.8 to 1.9, and a thickness of 100 nm to 300 nm. 
[Claim 39] A color filter substrate according to Claim 38, wherein, when an optional 
wavelength in the visible wavelength region is represented by X, the sum of the optical 
thickness of the insulating film and the optical thickness of the conductive film is 
substantially equal to the product of X/2 and a natural number. 
[Claim 40] A method for manufacturing a liquid crystal device, comprising: 
a step of forming a color layer on a first substrate; 

a step of forming an insulating film on the color layer, the insulating film 
compnsing a, least one of Ta 2 0 5 , Zr0 2 , and Ti0 2 as a primary component; 

a step of forming a conductive film having the property of transmitting light on the 
insulating film; and 

a step of patterning the conductive film by using an alkaline solution. 
[Claim 41] A method for manufacturing a liquid crystal device, according to Claim 40 
wherein the insulating film and ,he conductive film are formed so that when an optional 



wavelength in the visible wavelength region is represented by X, the sum of the optical 
thickness of the insulating film and the optical thickness of the conducive film » 
substantially equal to the product of \I2 and a natural number. 
[Claim 42] A method for manufacturing a liquid crystal device, according to Claim 40, 
further comprising a step of forming a transparent resin fi, m on the color layer. 
[Claim 43] A method for manufacturing a liquid crystal device, according to Claim 40, 
further comprising a step of forming a reflective film on the first substrate. 
[Claim 44] A method for manufacturing a liquid crysta. device, according to Claim 40, 
further comprising: a step of forming an underlying layer on a second substrate, the 
underlying layer comprising a material substantially identical to that for the insulating 
film; and a step of forming an active element on the underlying layer. 
[Claim 45] A method for manufacturing a liquid crystal device, according to Claim 43, 
further comprising a step of forming an opening portion in the reflective film. 
[Claim 46] A method for manufacturing a liquid crystal device, according to Claim 40, 
wherein the insulating film is formed by vapor phase film-forming means. 
[Claim 47] A method for manufacturing a liquid crystal device, comprising: 
a step of forming a color layer on a substrate; 

a step of forming an insulating film on the color layer, the insulating film 
comprising Ta 2 O s as a primary component and at least one of Zr0 2 , Ti0 2 , and Si0 2 as a 
component; 

a step of forming a conductive film having the property of transmitting light on the 
insulating film; and 

a step of patterning the conductive film by using an alkaline solution. 
[Claim 48] A method for manufacturing a liquid crystal device, comprising: 
a step of forming a color layer on a substrate; 



a step of forming an insulating film on the color layer, the insulating film having 
the property of transmitting light , a refractive index of 1.6 to 2.0 in the visible wavelength 
region, and a thickness of 10 nra to 100 nm; and 

a step of forming a conductive film on the insulating film, the conductive film 
having the property of transmitting light , a refractive index of 1.8 to 1.9 in the visible 
wavelength region, and a thickness of 100 nm to 300 nm. 
[Claim 49] A method for manufacturing a color filter substrate, comprising: 
a step of forming a color layer on a substrate; 

a step of forming an insulating film on the color layer, the insulating film 
comprising at least one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component; 

a step of forming a conductive film having the property of transmitting light on the 
insulating film; and 

a step of patterning the conductive film by using an alkaline solution. 
[Claim 50] A method for manufacturing a color filter substrate according to Claim 49, 
wherein the insulating film and the conductive film are formed so that when an optional 
wavelength in the visible wavelength region is represented by X, the sum of the optical 
thickness of the insulating film and the optical thickness of the conductive film is 
substantially equal to the product of A/2 and a natural number. 
[Claim 51] A method for manufacturing a color filter substrate according to Claim 49, 
further comprising a step of forming a transparent resin film on the color layer. 
[Claim 52] A method for manufacturing a color filter substrate according to Claim 49, 
further comprising a step of forming a reflective film on the substrate. 
[Claim 53] A method for manufacturing a color filter substrate according to Claim 52, 
further comprising a step of forming an opening portion in the reflective film. 
[Claim 54] A method for manufacturing a color filter substrate according to Claim 49, 



wherein the insulating film is formed by vapor phase film-forming means. 
[Claim 55] A method for manufacturing a color filter substrate, comprising: 
a step of forming a color layer on a substrate; 

a step of forming an insulating film on the color-layer, the insulating film having 
the property of transmitting light , a refractive index of 1.6 to 2.0 in the visible wavelength 
region, and a thickness of 10 nm to 100 nm; and 

a step of forming a conductive film on the insulating film; the conductive film 
having the property of transmitting light , a refractive index of 1.8 to 1.9 in the visible 
wavelength region, and a thickness of 100 nm to 300 nm. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to liquid crystal devices, color filter substrates, 
methods for manufacturing liquid crystal devices, and methods for manufacturing color 
filter substrates. 
[0002] 

[Description of the Related Art] 

In general, in a liquid crystal device having a liquid crystal panel in which a pair of 
substrates composed of a glass or the like holds liquid crystal therebetween, a color filter 
substrate may be used in some cases in order to perform color display. In this color filter 
substrate, color layers (for example, R (red), G (green), B (blue), and BM (black: black 
matrix or black mask)) for constituting a filter portion of (he color filter are formed on a 
surface of a transparent substrate such as a glass. These color layers are formed of a resin 
containing a coloring agent, such as a pigment or a dye. 
[0003] 



In the color filter, a surface protective layer composed of a transparent resin or the 
like is generally formed on .he color layers. This surface protective layer is formed for 
preventing infiltration of a chemical section when another layer (such as a transparent 
electrode pattern) is further formed on the color filter and, in addition, is formed so as ,o 
ensure the flatness of the surface of the color filter. 
[0004] 

On the surface of the color filter, transparent electrodes composed of a transparent 
conductive material such as ITO (,„dium Tin Oxide) may be formed in some cases. 
However, in general, since the adhesion between the surface protective layer and the 
transparent electrodes described above is insufficient, when the transparent electrodes are 
formed directly on the color filter, there has been a problem in that the pattern accuracy of 
the electrode pattern cannot be ensured. Accordingly, heretofore, an insulating film (an 
intermediate layer) composed of SiQ 2 is formed by sputtering or the like on the surface of 
the surface protective layer formed on the color filter, and the transparent electrodes are 
formed on this insulating film. 
[0005] 

[Problems to be Solved by the Invention] 

When the transparent electrodes are formed on the insulating film described above, 
since the transparent electrodes are formed by patterning a transparent conductive film 
formed by sputtering or the like, a resist pattern on the transparent conductive layer must 
be developed by using an alkaline solution such as an aqueous solution containing 
potassium hydroxide, and in addition, after the transparent electrodes are formed by 
patterning, the remaining resist pattern on the electrode pattern must be removed by an 
alkaline solution. 
[0006] 



However, since an insulating fi.m composed of SiQ 2 has poor resistance against the 
alkaline solution described above, the insulating film is adversely influenced by this 
chemical treatment, for example, par, of the instating film is dissolved by the alkaline 
solution while the transparent electrodes are formed by patterning, and as a result, the 
insulating film may be separated from the color filter in some cases. 
[0007] 

In addition, when an insulating film composed of Si0 2 is formed by using a 
sputtering apparatus, SiQ 2 adhered to the inside of the apparatus is spread in the powdered 
form, and as a result, there is a problem in that the environment is contaminated. T^e 
reason for this is that since SiG 2 has a coefficient of thermal expansion significantly 
different from those of meta. constituent members used inside the apparatus and also has 
the property of easily absorbing the moisture in air, the SiQ 2 adhered to the inside of the 
apparatus is easily separated from the inside surface of the apparatus after sputtering is 
completed. In addition, when a Si0 2 film is formed by sputtering, an abnormal discharge 
is likely to occur on the target due to a low dielectric constant thereof, and hence, there is 
also a problem in that i, is difficult to obtain stable film-forming conditions. 
[0008] 

Furthermore, compared to the transparent electrode described above generally 
having a high refractive index of approximately 1.8 to 1.9, since the insulating film 
composed of SiG 2 has a low refractive index (n = 1.455), the light transmittance is 
decreased due to the occurrence of light reflection or interference a, the interface between 
the insulating film and the transparent electrode, and as a result, there has been a problem 
in that the brightness of display is decreased. 
[0009] 

Accordingly, the present invention was made to solve the problems described 
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above, and an object of the present invention is, in a color filter substrate or a liquid 
crystal device having a conductive film formed on the color filter, to provide a structure 
which can suppress the problems caused by an insulating film provided between the color 
filter and the conductive film. 
[0010] 

[Means for Solving the Problems] 

A liquid crystal device of the present invention comprises: a first substrate; a 
second substrate disposed so as to oppose the first substrate; a color layer provided on the 
first substrate; an insulating film provided on the color layer and comprising at least one of 
Ta 2 0 5 , Zr0 2 , and Ti0 2 as a primary component; and a conductive film having the property 
of transmitting light provided on the insulating film. 

[0011] 

Since Ta 2 O s , Zr0 2 , and Ti0 2 each has a refractive index higher than that of Si0 2 , 
the difference in refractive index from the transparent conductive layer can be decreased, 
and the optical loss at a laminated portion formed of the transparent conductive layer and 
the insulating film can be decreased. In particular, the refractive index of the metal oxide 
described above which is formed by a vapor phase method can also be controlled or 
adjusted by the film-forming conditions therefor. In addition, since the insulating film 
used in the present invention is unlikely to produce particles compared to that composed 
of Si0 2 , the degree of contamination in the environment in the manufacturing process can 
be decreased. 
[0012] 

In addition, since both Ta 2 0 5 and Zr0 2 formed by a vapor phase method have 
sufficient corrosion resistance against an alkaline solution, the separation thereof is 
unlikely to occur when an alkaline solution is used for patterning the transparent 



conductive layer. That is, the insulating film preferably comprises at least one of Ta 2 O s 
and Zr0 2 so as to have alkali resistance. 
[0013] 

When an optional wavelength in the visible wavelength region is represented by X 
it is P referab,e that the sum of the optica, thickness of the insulating fi, m and the optica, 
thickness of the conductive fi,m of the present invention be substantia^ equal to the 
product of V2 and a natural number. In the case described above, at the surface of the 
insulating film at the co,or filter side and at the surface of the conductive film a « the side 
opposite to the color filter, reflectance of . visible light can be decreased, and as a result, 
the light transmittance can be increased. 
[0014] 

The optical thickness can be represented by „ d(n is the refractive index of the 
laminated portion, and d is the total thickness of the insulating fl, m and the conductive 
film) when the insulating film and the conductive fi,m have substantia,^ the same 
refractive index, and when the refractive index of the insuring film and the refractive 
index of the conductive film substantia,^ differ from each other, the optica, thickness can 
be represented by n, * + „ 2 4 („, is the refrac(jve jndex rf ^ ^ ^ ^ ^ 

thickness of the insulating fi, m , „ 2 is the refractive jndex of ^ f ^ ^ ^ 

the thickness of the conductive film). In addition, the visible wavelength region described 
above is a region in which the wavelength is in the range of from 380 nm to 780 nm. As a 
typical wave,ength in the visible wavelength region, X described above is preferably 550 



[0015] 

In the present invention, it is preferable that a transparent resin film be further 
provided between the color ,ayer and the instating film. This transparent resin film (the 



surface protective layer described later) is generally formed so as to protect the color layer 
and, in addition, is formed so as to planarize the surface of the color filter. By forming 
this resin film, the insulating film is further planarized. 
[0016] 

In the present invention, there may be a case in which a reflective film is further 
provided between the color layer and the first substrate. In a reflective liquid crystal 
device or in a transflective liquid crystal device, by providing the reflective film, reflective 
display using ambient light can be realized. As a material for the reflective film, 
aluminum, an aluminum alloy, chromium, a chromium alloy, silver, a silver alloy, and the 
like can be generally used. In the case described above, by providing opening portions in 
the reflective film described above, since light is allowed to pass through these opening 
portions, a transflective liquid crystal device can be formed. 
[0017] 

In the present invention, there may be a case in which an underlying layer 
composed of a material substantially identical to that for the insulating film described 
above is further provided on the second substrate described above, and an active element 
is further provided on the underlying layer described above. The underlying layer 
composed of the material substantially identical to that for the insulating film can improve 
the adhesion of the second substrate with the active element, a conductive film forming 
wires and electrodes electrically connected to the active element, and the like. As the 
active element, for example, a TFD (Thin Film Diode) may be mentioned. 
[0018] 

In addition, another liquid crystal device of the present invention comprises: a first 
substrate; a second substrate disposed so as to oppose the first substrate; a color layer 
provided on the first substrate; an insulating film provided on the color layer and 



comprising Ta 2 0 5 as a primary component; and a conductive film having the property of 
transmitting light provided on the insulating film. Since the insulating film comprising 
Ta 2 0 5 as a primary component has high corrosion resistance against an alkaline solution, 
the separation thereof is unlikdy , 0 occur even when the transparent conductive layer is ' 
patterned by using an alkaline solution. In addition, since the instating film described 
above has a high refractive index compared to that composed of Si0 2 , the difference in 
refractive index from the transparent conductive layer can be decreased, whereby the 
optical loss at the laminated portion formed of the transparent conductive layer and the 
insulating film can be decreased. Furthermore, since the insulating film described above 
is unlikely to produce particles compared to that composed of Si0 2 , the degree of 
contamination in the environment in the manufacturing process can be decreased. 
[0019] 

In the liquid crystal device described above, the insulating film preferably 
comprises at least one of Zr0 2 , Ti0 2 , and Si0 2 as a component. In addition toTa 2 0 5 , 
when at ieast one of Zr0 2 , TiG 2 , and SiG 2 is contained as a primary component, the 
refractive index, the dielectric constant, and the like can be adjusted, and hence, the degree 
of freedom of optical and electrical design for the apparatus can be ensured. 
[0020] 

In particular, concerning the transparent conductive layer, since there are 
essentially limitations of the thickness and the composition in order to obtain desired 
electrical properties[characteristics(?)] (the absolute value of resistance, resistivity, and the 
like), it has been difficult to obtain a desired thickness and a refractive index (which varies 
in accordance with the composition or film-forming conditions) in terms of optical 
properties[characteristics(?)], and hence, the degree of freedom of optical design has been 
limited. However, when the insulating film is formed so that the refractive index thereof 



is close to that of the transparent conductive layer compared to that obtained in the past, 
the insulating film and the transparent conductive film can be regarded as materials having 
optical properties[characteri S tics(?)] similar to each other (for example, an integrated 
material). As a result, when the thickness, the refractive index, and the like of the 
insulating film are adequately designed, for example, the laminated portion formed of the 
insulating film and the transparent conductive layer can be regarded as an integrated 
optical element, whereby the degree of freedom of optical design can be increased. In 
particular, it is preferable that the refractive index of the insulating film and the refractive 
index of the transparent conductive film be substantially equal to each other. 
[0021] 

In addition, still another liquid crystal device of the present invention comprises an 
insulating film comprising at least one of Ta 2 0 5 , Zr0 2 , and Ti0 2 as a primary component, 
and a conductive film having the property of transmitting light provided on the insulating 



[0022] 

Furthermore, another liquid crystal device of the present invention comprises: a 
first substrate; a second substrate disposed so as to oppose the first substrate; a color layer 
provided on the first substrate; an insulating film [provided] on the color layer, having the 
property of transmitting light , a refractive index of 1.6 to 2.0 in the visible wavelength 
region, and a thickness of 10 nm to 100 nm; and a conductive film provided on the 
insulating film, having the property of transmitting light , a refractive index of 1.8 to 1.9 in 
the visible wavelength region, and a thickness of 100 nm to 300 nm. 
[0023] 

In the liquid crystal device described above, the difference in refractive index 
between the insulating film and the conductive film can be decreased compared to that 



obtained in the past, and in addition, since the sum of the optical thicknesses of the 
insulating film and the conductive film is approximately one time to two times the visible 
wavelength K, the reflection at the interface can be reduced, whereby the optical loss 
caused by the laminated portion formed of the insulating film and the transparent 
conductive layer can be reduced. 
[0024] 

In addition, still another liquid crystal device of the present invention comprises: an 
insulating film having a refractive index of 1.6 to 2.0 in the visible wavelength region and 
a thickness of 10 nm to 100 nm; and a conductive film provided on the insulating film, 
having the property of transmitting light , a refractive index of 1.8 to 1.9 in the visible 
wavelength region, and a thickness of 100 nm to 300 nm. 
[0025] 

Next, a color filter substrate of the present invention comprises: a substrate; a color 
layer provided on the substrate; an insulating film provided on the color layer and 
comprising at least one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component; and a 
conductive film having the property of transmitting light provided on the insulating film. 

[0026] 

In addition, another color filter substrate of the present invention comprises: a 
substrate; a color layer provided on the substrate; an insulating film provided on the color 
layer and comprising Ta 2 0 5 as a primary component; and a conductive film having the 
property of transmitting light provided on the insulating film. 

[0027] 

Furthermore, still another color filter substrate of the present invention comprises: 
a substrate; a color layer provided on the substrate; an insulating film provided on the 
color layer, having the property of transmitting light , a refractive index of 1.6 to 2.0 in the 



visible wavelength region, and a thickness of 10 nm to 100 nm; and a conductive film 
provided on the insulating film, having the property of transmitting light , a refractive 
index of 1.8 to 1.9, and a thickness of 100 nm to 300 nm. 
[0028] 

Next, a method for manufacturing a liquid crystal device of the present invention 
comprises: a step of forming a color layer on a first substrate; a step of forming an 
insulating film on the color layer, the insulating film comprising at least one of Ta 2 O s , 
Zr0 2 , and Ti0 2 as a primary component; a step of forming a conductive film having the 
property of transmitting light on the insulating film; and a step of patterning the 
conductive film by using an alkaline solution. Since the insulating film described above 
has high alkali resistance, even when the conductive film is patterned by using an alkaline 
solution, degradation of the film quality and separation of the film are unlikely to occur, 
and in addition, damage that might be done on the color layer formed thereunder can also 
be prevented. 
[0029] 

In the method described above, the insulating film and the conductive film are 
preferably formed so that when an optional wavelength in the visible wavelength region is 
represented by K, the sum of the optical thickness of the insulating film and the optical 
thickness of the conductive film is substantially equal to the product of V2 and a natural 
number. 

[0030] 

In addition, the method described above preferably further comprises a step of 
forming a transparent resin film on the color layer. 
[0031] 

Furthermore, the method described above preferably further comprises a step of 



forming a reflective film on the first substrate. In this step, when opening portions are 
provided in the reflective film, a transflective liquid crystal device can be formed. 
[0032] 

In addition, the method described above preferably further comprises a step of 
forming an underlying layer composed of a material substantially identical to that for the 
insulating film on the second substrate, and a step of forming an active element on the 
underlying layer. By forming the underlying layer composed of the material substantially 
identical to that for the insulating film, the adhesion of the substrate with the active 
element, and wires and electrodes connected thereto, can be improved. In addition, since 
the insulating film formed on the first substrate and the underlying layer formed on the 
second substrate are composed of substantially the same material, the process control can 
be easily performed, and the manufacturing cost can also be reduced. Furthermore, the 
insulating film and the underlying layer may be simultaneously formed on the first 
substrate and the second substrate, respectively. 
[0033] 

In particular, by forming a metal conductive layer primarily composed of Ta on the 
second substrate with an insulating film comprising Ta 2 0 5 as a primary component 
provided therebetween, the adhesion between the metal conductive layer and the substrate 
can be increased, and in addition, diffusion of the impurities from the substrate can be 
prevented. As described above, when the layer comprising Ta 2 0 5 as a primary component 
is formed on each of the pair of substrates forming the liquid crystal device, since the film- 
forming apparatus can be interchangeably used, and the insulating film and the insulating 
layer can be simultaneously formed, flexibility of the manufacturing process can be 
increased, and in addition, the number of the manufacturing steps can also be decreased. 
[0034] 



In the present invention, the insulating film described above is preferably formed 
by vapor phase film-forming means. The metal oxide formed by vapor phase film- 
forming means, such as PVD (physical vapor deposition) or CVD (chemical vapor 
deposition), is stable at a heating temperature (approximately 200 to 300°C) for forming 
the transparent conductive layer, has dense film quality, and has superior alkali resistance. 
In particular, PVD (a physical vapor deposition method or a physical deposition method), 
such as a deposition method, a sputtering method, or an ion plating method, is preferably 
used for film formation. 
[0035] 

In addition, another method for manufacturing a liquid crystal device of the present 
invention comprises: a step of forming a color layer on a substrate; a step of forming an 
insulating film on the color layer, the insulating film comprising Ta 2 O s as a primary 
component and at least one of Zr0 2 , TiQ 2 , and SiQ 2 as a component; a step of forming a 
conductive film having the property of transmitting light on the insulating film; and a step 
of patterning the conductive film by using an alkaline solution. 
[0036] 

Furthermore, still another method for manufacturing a liquid crystal device of the 
present invention comprises: a step of forming a color layer on a substrate; a step of 
forming an insulating film on the color layer, the insulating film having the property of 
transmitting light , a refractive index of 1.6 to 2.0 in the visible wavelength region, and a 
thickness of 10 nm to 100 nm; and a step of forming a conductive film on the insulating 
film, the conductive film having the property of transmitting light , a refractive index of 
1.8 to 1.9 in the visible wavelength region, and a thickness of 100 nm to 300 nm. 
[0037] 

Next, a method for manufacturing a color filter substrate according to the present 



invention comprises: a step of forming a color layer on a substrate; a step of forming an 
insulating film on the color layer, the insulating film comprising at least one of Ta 2 0 5 , 
Zr0 2 , and Ti0 2 as a primary component; [a step of forming a conductive film having the 
property of transmitting light on the insulating film;] and a step of patterning the 
conductive film by using an alkaline solution. 
[0038] 

In addition, another method for manufacturing a color filter substrate of the present 
invention comprises: a step of forming a color layer on a substrate; a step of forming an 
insulating film on the color layer, the insulating film having the property of transmitting 
light , a refractive index of 1.6 to 2.0 in the visible wavelength region, and a thickness of 
10 nm to 100 nm; and a step of forming a conductive film on the insulating film, the 
conductive film having the property of transmitting light , a refractive index of 1.8 to 1.9 
in the visible wavelength region, and a thickness of 100 nm to 300 nm. 
[0039] 

In the methods described above according to the present invention, it is preferable 
that the insulating film and the conductive film be successively formed in the same 
apparatus. In the case in which the insulating film is formed by vapor phase film-forming 
means, when the insulating film is formed in the same apparatus as that for forming the 
transparent conductive film, and successively, the conductive film is formed, the cleanness 
at the interface between the insulating film and the transparent conductive layer can be 
ensured, whereby the adhesion between the two layers can be improved, and in addition, 
the optical and the electrical pro pe rties[characteristics C ?)] can be improved by virtue of the 
decrease in contamination at the interface. In the case described above, i, is particularly 
preferable that the insulating film and the conductive film be successively formed by a 
sputtering method in the same sputtering apparatus. 



[0040] 

In addition, in the step of patterning the conductive film described above, 
patterning treatment is preferably performed on the conductive film described above by 
etching using an alkaline solution. In patterning treatment, for example, there may be a 
case in which a resist pattern is formed by development using an alkaline solution, and the 
transparent conductive film is then patterned by using this resist pattern. In addition, after 
the transparent conductive layer is patterned, an alkaline solution is also used for 
removing the remaining resist pattern. In the case described above, since the insulating 
film is formed of a material having high alkali resistance, the insulating film is prevented 
from being corroded by the alkaline solution, and hence, a problem in that the insulating 
film is separated from the color filter or the like can be avoided. 
[0041] 

The color filter substrate described above can be applied to various liquid crystal 
devices: which use various display principles, such as a TN or an STN type; which are 
provided with various panel structures, such as an active matrix type, a passive matrix 
type, or a segment type; and which are provided with various lightning structures, such as 
a transmissive type, a reflective type, or a transflective type. In addition to the liquid 
crystal devices described above, the color filter substrate can also be used as color filter 
portions of various devices, such as a display portion of a CRT (a cathode ray tube) or a 
light-receiving surface portion of an imaging tube, as long as the devices are each 
provided with a color filter and a transparent conductive layer. 
[0042] 

[Description of the Embodiments] 

Next, referring to the accompanying drawings, a liquid crystal device, a color filter 
substrate, a method for manufacturing a liquid crystal device, and a method for 



manufacturing a color filter substrate according to the present invention will be described 
in detail. 

[0043] 
[First Embodiment] 

Fig. 1 is a perspective view showing the appearance of a liquid crystal panel 100 
provided with a color filter substrate 1 10 of a liquid crystal device according to a first 
embodiment of the present invention, Fig. 2(a) is a rough cross-sectional view 
schematically showing the structure of the liquid crystal panel 100, and Fig. 2(b) is a plan 
view showing a surface structure of the color filter 110. 
[0044] 

This liquid crystal device is formed of a liquid crystal panel 100 having a so-called 
transmissive and a passive matrix structure provided with, when necessary, a case body, a 
lighting element, such as a backlight or a front light, and so on, which are not shown in the 
figure. As shown in Fig. 1, the liquid crystal panel 100 has a cell structure which is 
formed by steps of: adhering a color filter substrate 110 having a transparent first substrate 
111 as a base body composed of a glass plate, a synthetic resin plate, or the like to an 
opposing substrate 120 having a second substrate 121 as a base body by a sealing material 
130 provided therebetween so that the two substrates oppose each other; injecting liquid 
crystal 132 inside the sealing material 130 via an opening portion 130a; and sealing the 
opening portion by an encapsulating material 131. 
[0045] 

On the interior surface (the surface opposing the second substrate 121) of the first 
substrate 111, a plurality of transparent electrodes 115 aligned in parallel like stripes are 
formed, and on the interior surface of the second substrate 121, a plurality of transparent 
electrodes 122 aligned in parallel like stripes are formed. In addition, the transparent 



electrodes 115 are electrically connected to wires 118A, and the transparent electrodes 122 
are electrically connected to wires 128. The transparent electrodes 115 and the transparent 
electrodes 122 are perpendicular to each other, a number of pixels aligned in matrix are 
formed at the crossing areas at which the two types of transparent electrodes cross each 
other, and these pixels thus aligned constitutes a liquid crystal display area A. 
[0046] 

The first substrate 111 has a portion 110T wjiich extends beyond a side of the 
second substrate 121, and on the substrate extended portion HOT, there are provided the 
wires 118A described above, wires 118B electrically connected to the wires 128 via a 
vertical conductive portion formed of part of the sealing material 130, and an input 
terminal portion 119 composed of a plurality of wiring patterns which are formed 
independently of each other. In addition, on the substrate extended portion HOT, a 
semiconductor IC 161 having a driver circuit for driving liquid crystal is mounted so as to 
be electrically connected to the wires 118A and 118B, and the input terminal portion 119. 
Furthermore, on the end portion of the substrate extended portion HOT, a flexible circuit 
board 163 is mounted so as to be electrically connected to the input terminal portion 119. 
[0047] 

In this liquid crystal panel 100, as shown in Fig. 2(a), a polarizer 140 is provided 
on the external surface of the first substrate 111, and a polarizer 150 is provided on the 
external surface of the second substrate 121. The polarizer 140 and the polarizer 150 are 
adhered to the external surfaces of the substrates so as to be placed in, for example, the 
crossed Nicols arrangement in which the polarization axes are substantially perpendicular 
to each other. 

[0048] 

<Structure of Color Filter Substrate 110> 
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Next, referring to Figs. 2(a) and (b), the structure of the color filter substrate 110 
will be described in detail. On the surface of the first substrate 111, color layers 112 are 
formed, and a surface protective layer (an overcoat layer) 113 composed of a transparent 
resin or the like is formed thereon. By the color layers 112 and the surface protective 
layer 113, a color filter is formed. 

[0049] 

The color layers 112 are generally formed so as to exhibit a predetermined color 
tone by dispersing a coloring agent, such as a pigment or a dye, in a transparent resin. As 
an example of a color tone of the color layer, a combination of three colors, R (red), G 
(green), and B (blue), may be mentioned as the primary color filter; however, the color 
tone is not limited thereto, and various color tones may also be formed of complementary 
colors and the like. Typically, a color resist composed of a photosensitive resin containing 
a coloring agent, such as a pigment or a dye, is applied over the surface of a substrate, and 
unnecessary parts of the color resist are removed by a photolithographic method, whereby 
color layers having a predetermined color pattern are formed. In the case in which a 
plurality of color layers having different color tones are formed, the steps described above 
are repeated. In the example shown in Fig. 2(b), a stripe arrangement is used as an aligned 
pattern of the color layers; however, in addition to this stripe arrangement, various 
arrangement, such as a delta arrangement or an inclined mosaic arrangement, may be used. 
In addition, around the peripheries of the color layers RGB described above, shading films 
(black matrix or black mask) for shading areas between the pixels may be formed as part 
of the color layers. 
[0050] 

The surface protective layer 113 is provided so as to protect the color layers, to 
prevent the leakage of the coloring agent, and to planarize the surface of the color filter. 



As a material for the surface protective layer 113, for example, a transparent resin, such as 
an acrylic resin or an epoxy resin, may be used. 
[0051] 

On the surface of the color filter, an insulating film 114 composed of a transparent 
metal oxide is formed. As the insulating film 114, a metal oxide which comprises at least 
one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component and which is deposited by 
sputtering on the color filter may be mentioned. Among these mentioned above, a metal 
oxide composed of Ta 2 0 5 itself or composed of Ta 2 O s mixed with at least one of Zr0 2> 
Ti0 2 , and Si0 2 is particularly preferable. 
[0052] 

On the surface of the insulating film 114, the transparent electrodes 115 each 
having a predetermined patterned shape are formed. The transparent electrodes 115 are 
composed of a transparent conductor such as ITO. On the surfaces of the transparent 
electrodes 115, a rigid protective film (a transparent film for preventing short-circuiting 
between the top and the bottom electrodes caused by intrusions of foreign materials such 
as dust) 116 composed of Si0 2 , Ti0 2 , or the like is formed, and on the surface of this rigid 
protective film 116, an alignment film 117 composed of a polyimide resin or the like is 
formed by coating. For the alignment film 117, known rubbing treatment is performed. 
[0053] 

<Opposing Substrate and Panel Structure> 

On the surface of the second substrate 121, transparent electrodes 122 composed of 
ITO or the like are formed as is the case described above, and on the surfaces thereof, a 
rigid protective film 123 and an alignment film 124, similar to those described above, are 
formed in this order. Known rubbing treatment is also performed for the alignment film 



[0054] 

The color filter substrate 110 and the opposing substrate 120 are adhered to each 
other by the sealing material 130 which is provided on one of the substrates described 
above and are then bonded together by applying a pressure so as to have a predetermined 
gap (a cell gap) between the substrates, in which the gap is controlled by spacers dispersed 
between the substrates or spacers mixed in the sealing material 130 (both spacers are not 
shown in the figure). Subsequently, the sealing material 130 is cured by heating, light 
irradiation, or the like, thereby forming a cell structure shown in the figure. As shown in 
Fig. 1, the liquid crystal 132 is injected into the cell via the opening portion 130a provided 
in part of the sealing material 130, and subsequently, the opening portion 130a is sealed by 
a resin or the like, whereby the liquid crystal panel 100 is formed. 
[0055] 

<Details of Method for Manufacturing Color Filter Substrato 
Next, the details of a method for manufacturing the color filter 110 will be 
described in detail with reference to Figs. 3(a) to (d). First, as shown in the Fig. 3(a), after 
the color filter composed of the color layers 112 and the surface protective film 113 is 
formed by the method described above, on the surface of the surface protective film 113, 
the insulating film 114 is formed as shown in Fig. 3(b). As a method for forming the 
insulating film 114, various PVD or CVD methods may be used; however, in particular, a 
PVD method, such as a sputtering method, a deposition method, or an ion plating method, 
may be preferably used. When a sputtering method is used, a target is used which is 
formed by sintering a polycrystalline powder of Ta 2 0 5 , Zr0 2 , orTi0 2 , or the like obtained 
by pulverization. In this step described above, in accordance with a film composition 
desired for the insulating film 114, the target can be formed by adjusting a powder 
composition. 



[0056] 

Next, as shown in Fig. 3(c), a transparent conductive layer 115X composed of ITO 
is formed by a sputtering method. The conductivity and the refractive index of ITO is 
significantly changed by the film composition and the film-forming conditions; however, 
in general, the composition thereof and the conditions therefor are primarily determined in 
view of the electrical properties[characteristics(?)] of the conductive film obtained by film 
formation. The transparent conductive layer 115X is first formed on the entire surface of 
the first substrate 111. Subsequently, a photosensitive resist is applied over the transparent 
conductive layer 115X, exposure treatment was performed on this photosensitive resist by 
using a predetermined exposure pattern, and development is then performed by using an 
alkaline solution such as an aqueous solution containing potassium hydroxide (for 
example, at a concentration of 0.9%), whereby, as shown in Fig. 3(d), predetermined resist 
patterns 115Y are formed. Next, etching is performed over this resist pattern 115 Y by 
using an etchant such as hydrochloric acid so as to etch the transparent conductive layer 
115X, thereby forming the transparent electrodes 115 shown in Fig. 2(a). Subsequently, 
the resist pattern 115Y on the transparent electrodes 115 is removed by using an alkaline 
solution (for example, an aqueous solution containing potassium hydroxide at a 
concentration of 1.5%) having a higher concentration (alkalinity) than that used in 
development. 
[0057] 

In the steps described above, since an alkaline solution is used when the transparent 
electrodes 115 are formed by patterning the transparent conductive layer 115X, when the 
insulating film 114 formed under the transparent electrodes 115 has poor alkali resistance, 
the surface of the insulating film 114 is etched, and as a result, a problem in that the 
patterning accuracy is degraded due to the generation of side etching of the transparent 
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electrodes 115, the transparent electrodes 115 are separated from the insulating film 114, 
or the insulating film 114 itself is separated from the surface of the surface protective layer 
113 may occur in some cases. 
[0058] 

In this embodiment, since the insulating film 114 is formed of a material having 
high alkali resistance, such as Ta 2 O s or Zr0 2 , the insulating film 114 is scarcely damaged 
by an alkaline solution used during patterning, more particularly, by an alkaline solution 
used for removing (stripping) the resist pattern 115Y, and hence, the problem described 
above may not occur. 

[0059] 

In order to evaluate the alkali resistance of the insulating film 114 of this 
embodiment, a durability test thereof was performed. This durability test used color filters, 
similar to that described above, formed on a glass substrate. An insulating film 114 
approximately 400 A thick comprising Ta 2 0 5 as a primary component was formed by 
sputtering on the surface of the color filter described above, and an insulating film, having 
an approximately equivalent thickness described above and composed of Si0 2 , was 
formed by sputtering on the color filter in a manner equivalent to that described. In order 
to perform the durability test described above, the substrates thus formed were immersed 
in an aqueous solution containing potassium hydroxide at a concentration of 1.5% (an 
alkaline solution used for removing the resist pattern 115Y) for an equivalent length of 
time. 

[0060] 

According to the results of this durability test, it is understood that in the substrate 
having the insulating film composed of Si0 2 formed thereon, the insulating film was 
separated from the surface of the surface protective layer of the color filter, and in the 



color filter substrate of this embodiment having the insulating film 114 comprising Ta 2 O s 
as a primary component formed thereon, the separation between the insulating film 114 
and the surface protective layer 113 did not occur at all. 
[0061] 

<Optical Structure of Color Filter Substrato 

Next, an optical structure of the color filter substrate 110 of this embodiment will 
be described. In the color filter substrate 110, the insulating film 114 is formed on the 
color filter as shown in Fig. 2(a), and the transparent electrodes 115 are formed on the 
insulating film. Areas at which these transparent electrodes 115 and the transparent 
electrodes 122 opposing thereto overlap each other in plan view with the liquid crystal 132 
provided therebetween are pixel areas, and each pixel area is formed so as to 
independently control the orientation of the liquid crystal, whereby a desired display can 
be performed in accordance with the optical states in the individual pixel areas. 
Accordingly, the optical properties[characteristics(?)] of the entire liquid crystal panel 100 
are determined by the optical properties[characteristics(?)] of the individual pixel areas 
described above. 
[0062] 

The optical properties[characteristics(?)] of each pixel area are determined by a 
laminated structure composed of the first substrate 111, the color layer 112 of the color 
filter, the surface protective layer 113 of the color filter, the insulating film 114, and the 
transparent electrode 115; and by the optical properties[characteristics(?)] of the opposing 
substrate 120. The refractive index of the conventional insulating film composed of Si0 2 
is approximately 1.455 in the visible wavelength region, and the refractive index of the 
transparent electrode 115 is approximately 1.8 to 1.9. The refractive index of this 
transparent electrode 115 is significantly changed by the composition or the film-forming 



conditions; however, since the electrical properties[characteristics(?)], such as electrical 
resistivity, are largely influenced by the composition and the film-forming conditions, in 
general, it has been difficult to freely design the refractive index. 
[0063] 

Incidentally, it is possible to form Ta 2 0 5 , Zr0 2 , and TiO z so as to have a high 
refractive index, such as more than 2.0, and in addition, as has been well known, when 
these are formed by a vapor phase film-forming method, by changing a partial pressure of 
oxygen and other film-forming conditions during film formation, the refractive index 
thereof can be significantly changed. In this embodiment, since the insulating film 114 
comprises at least one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component, the refractive 
index thereof can be higher than that of the conventional insulating film (Si0 2 : a refractive 
index of 1.455), and by adjusting the composition, it is possible to make the refractive 
index of the insulating film close to that of the transparent electrode 115. For example, by 
changing the film-forming conditions, or by forming an insulating film 114 composed of 
at least one of Ta 2 O s , ZrO z , and Ti0 2 mixed with another material such as Si0 2 , the 
refractive index of the insulating film 114 can be controlled in the range of 1.6 to 2.0, and 
as a result, reflection at the interface of the insulating film 114 and the transparent 
electrode 115 can be reduced so as to increase effective light transmittance of the pixel 
area. In particular, in the range described above, the refractive index is preferably 
controlled in the range of 1.7 to 1.95. 
[0064] 

As a particular example relating to that described above, the insulating film 114 
was formed by sputtering using a target used in a sputtering apparatus, which was formed 
by sintering powdered Si0 2 and powdered Zr0 2 mixed therewith at a content of 50 wt%, 
respectively. The insulating film 114 thus formed had a refractive index of approximately 
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1.8 which was approximately equal to that of the transparent electrode 115. As a result, 
the reflection at the interface between the insulating film 114 and the transparent electrode 
115 substantially did not occur, and these two layers could be optically regarded as a 
single layer, whereby optical design could be easily performed. In addition, it was 
confirmed that the insulating film having the composition described above also had 
sufficient alkali resistance during the manufacturing process. 
[0065] 

In addition, when the insulating film was formed by using a mixed material 
composed of Si0 2 and Zr0 2 , an abnormal discharge did not occur at all even when a 
voltage was applied thereto which was approximately two times the voltage at which an 
abnormal discharge occurred when a target containing only Si0 2 was used as a film- 
forming material. Furthermore, in addition to the target described above, in a target 
comprising at least one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component, an abnormal 
discharge was unlikely to occur compared to the target containing only Si0 2 as a film- 
forming material, and hence, stable film-forming conditions could be obtained. 
[0066] 

In the target materials described above, compared to conventional target materials, 
the generation of particles was unlikely to occur, and hence, when the inside of a 
sputtering apparatus was exposed to air, the amount of particles spread to the environment 
could be substantially decreased to zero. In particular, in a target primarily composed of 
Ta 2 O s as a film-forming material, since the adhesion of the film-forming material to an 
adhesion-preventing plate was superior, the film-forming material adhered to the inside 
wall of the apparatus was not separated therefrom, and even when the adhesion-preventing 
plate was replaced every week, the generation of particles hardly occurred. In contrast, 
even when the adhesion-preventing plate was replaced every three days in the case in 
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which a conventional target composed of Si0 2 was used, the generation of particles 
occurred whenever the adhesion-preventing plate is replaced. 
[0067] 

In this embodiment, when the optical thickness of a laminated portion formed of 
the insulating film 114 and the transparent electrode 115 is set so as to be equal to the 
product of 1/2X and a natural number, the optical loss caused by the laminated portion 
described above can be decreased, and hence, the light transmittance of the pixel area can 
be increased. 

[0068] 

For example, in the case in which a standard wavelength X of the visible light is 
550 mm, the insulating film 114 is formed of Zr0 2 -Si0 2 -based material so as to have a 
refractive index ni of 1.8, and the transparent electrode 115 is formed so as to have a 
refractive index n 2 of 1.9, when the insulating film 114 is formed so as to have a thickness 
dj of 500 A (50 nm), and the transparent electrode 115 is formed so as to have a thickness 
d 2 of approximately 1,000 A (100 nm), the optical thickness OT satisfies the equation, OT 
= ni di + n 2 cfc = 270 nm, whereby the optical thickness can be approximately equal to 
1/2X = 275 nm. 
[0069] 

When the optical thickness satisfies the equation, OT = 1/2X, an effect can be 
visually obtained when the wavelength X is the standard wavelength described above and, 
in addition, when the wavelength X is an optional wavelength in the visible wavelength 
region. The visible wavelength region is a region in which the wavelength is in the range 
of from 380 nm to 780 nm. 

[0070] 

In addition, when the refractive index m of the insulating film 114 is made to be 



approximately equal to the refractive index n 2 of the transparent electrode 115 in 
accordance with the method described above, the insulating film 114 and the transparent 
electrode 115 can be optically regarded as an integral unit. Accordingly, since the total 
thickness d of the insulating film 114 and the transparent electrode 115 may be controlled 
so as to substantially satisfy the equation, n d= 1/2X, the degree of freedom of design for 
the film thickness can be further increased. 
[0071] 

As the thickness of the color filter substrate 110, for example, the color layer 112 
approximately 0.5 to 2 urn thick, the surface protective layer 113 approximately 1 to 2 (im 
thick, the insulating film 114 having a thickness of 100 to 1,000 A (10 to 100 nm), and the 
transparent electrode 115 having a thickness of 1,000 to 3,000 A (100 to 300 nm) are 
preferably formed. When the insulating film has a thickness in the range described above, 
by virtue of the corrosion resistance thereof, the color filter (the color layer) thereunder 
can be satisfactory protected, and in addition, the adhesion of the transparent electrode can 
also be improved. In addition, the individual layers constituting this laminated structure 
can be formed under stable conditions, respectively. Furthermore, when the transparent 
electrode 115 has a thickness in the range described above, satisfactory electrical 
properties[characteristics(?)] (wiring resistance and electrode resistance) can be obtained, 
and in addition, stable conditions can be obtained during film formation. 
[0072] 

When the refractive index of the insulating film 114 is higher, the thickness thereof 
can be smaller. In particular, as described above, when the laminated portion formed of 
the insulating film and the transparent electrode is formed so as to have an optical 
thickness equal to the product of \/2k and a natural number, the thickness of the insulating 
be decreased since the refractive index thereof in this embodiment is larger than 



film 
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that of the conventional insulating film composed of Si0 2 , an advantage can also be 
obtained in that the thickness of the laminated portion in the color filter substrate 110 can 
be decreased. 
[0073] 

[Second Embodiment] 

Next, a second embodiment differing from the embodiment described above will be 
described with reference to Figs. 4(a) and (b). A liquid crystal device of this second 
embodiment is a liquid crystal device provided with a liquid crystal panel 200 shown in 
Fig. 4(a), and this liquid crystal panel 200 is formed by adhering a color filter substrate 
210 having a color filter to an opposing substrate 220 with a sealing material 230 provided 
therebetween. The liquid crystal 231 is enclosed between the substrates described above. 
Polarizers 240 and 250 adhered to the external surfaces of a first substrate 211 and a 
second substrate 221, respectively, are equivalent to those described in the first 
embodiment. 
[0074] 

In this embodiment, on the surface of the first substrate 211 composed of a glass, a 
synthetic resin, or the like, a color filter composed of color layers 212 and a surface 
protective layer 213 is formed in a manner similar to that described above, and on this 
color filter, an insulating film 214 comprising Ta 2 O s as a primary component is formed by 
a sputtering method or the like. A material for forming this insulating film 214 may be 
substantially Ta 2 O s itself or may be a mixture of Ta 2 O s and another material (particularly, 
a metal oxide), such as Zr0 2 , Ti0 2 , or Si0 2 . 

[0075] 

On the insulating film 214, strip-shaped transparent electrodes 215 similar to those 
described above are formed as shown by chain lines in Fig. 4(b), and on the transparent 
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electrodes, a rigid protective film 216 and an alignment film 217 are sequentially formed. 
[0076] 

In addition, in the opposing substrate 220, on the surface of the transparent second 
substrate 221 composed of a glass, a synthetic resin, or the like, an underlying layer 225 
comprising Ta 2 O s as a primary component is formed by a sputtering method or the like. 
On this underlying layer 225, wiring layers 226 composed of Ta or a Ta alloy are formed. 
Next, as shown in Fig. 4(b), the surfaces of the wiring layers 226 are oxidized by 
anodization or the like so as to form thin insulating oxide films, and electrode layers 222a 
composed of another metal, such as Cr or Al, are formed on the insulating oxide films on 
pixel connecting portions 226a provided at individual pixels, whereby two-terminal active 
elements (diode elements), which are TFD's (Thin Film Diode) having a metal/insulating 
material/metal (MIM) structure, are formed. 
[0077] 

In addition, on the underlying layer 225 of the second substrate 221, transparent 
electrodes 222 are formed in the individual pixels, and the electrode layers 222a described 
above are also formed on the transparent electrodes 222. According to the structure 
described above, the active element described above is electrically connected to the wiring 
layer 226 and the transparent electrode 222 in each pixel. Furthermore, on these wiring 
layers 226 and the transparent electrodes 222, rigid protective film 223 and an alignment 
film 224 are sequentially formed, which are similar to those described above. 
[0078] 

The underlying layer 225 described above is formed so as to improve the adhesion 
of the wiring layers 226 and, in addition, to prevent the impurities in the second substrate 
221 from diffusing to the active elements described above or the like. 

[0079] 



In the case in which this liquid crystal panel 200, when the insulating film 214 and 
the underlying layer 225 are formed simultaneously on the first substrate 211 and the 
second substrate 221, respectively, using the same material, the number of steps of the 
manufacturing process of the liquid crystal panel can be reduced. In addition, in the case 
in which substantially the same material is used for forming the insulating film 214 and 
the underlying layer 225, when the insulating film 214 and the underlying layer 225 have 
the same composition and are formed independently, or when the insulating film 214 and 
the underlying layer 225 have different compositions from each other and are formed 
independently, apparatuses used in the manufacturing line can be used interchangeably, 
and as a result, the cost of equipment can be reduced. Furthermore, when exactly the 
same material is used, for example, the material can be commonly used, whereby the 
process control can be easily performed, or the material cost can be reduced. 



[Third Embodiment] 

Next, a third embodiment of the present invention will be described with reference 
to Figs. 5(a) and (b). A liquid crystal panel 300 of a liquid crystal device according to this 
embodiment primarily has a structure approximately equivalent to that of the liquid crystal 
panel 100 in the first embodiment. The structure comprises a color filter substrate 310 
having a first substrate 311, color layers 312, a surface protective layer 313, an insulating 
film 314, transparent electrodes 315, a rigid protective layer 316, and an alignment film 
316, which are similar to those described above; and an opposing substrate 320 having a 
second substrate 321, transparent electrodes 322, a rigid protective layer 323, and an 
alignment film 324, which are similar to those described above. In the structure described 
above, the color filter substrate 310 and the opposing substrate 320 are adhered to each 
other by a sealing material 330 provided therebetween, and liquid crystal 331 is enclosed 



between the substrates. A polarizer 350 is adhered to the external surface of the second 
substrate 321. 
[0081] 

The liquid crystal panel 300 of this embodiment has a reflective panel structure in 
which a reflective layer 318 composed of a metal thin-film or the like is formed on the 
surface of the first substrate 311 of the color filter substrate 310. As a material for the 
reflective layer 318, there may be mentioned Al, an Al alloy, Cr, a Cr alloy, Ag, an Ag 
alloy, or the like. In addition, a color filter formed of the color layers 312 and the surface 
protective layer 313 is formed directly on the reflective layer 318 or is formed thereover 
with an optional transparent layer provided therebetween. 
[0082] 

In this liquid crystal panel 300, ambient light incident on the polarizer 350 passes 
through the opposing substrate 320 and the liquid crystal 331, is incident on the color filter, 
is reflected at the reflective layer 318, again passes through the color filter and the liquid 
crystal 331, and emerges from the polarizer 350 via the opposing substrate 320. When a 
front light is provided at the front surface side (the upper side in the figure) of the 
opposing substrate 320, a structure can be formed in which display can be viewed by 
illuminating it with light emitted from the inside of the device in addition to ambient light. 
[0083] 

In this reflective liquid crystal panel 300, since the display can be viewed by 
reflecting ambient light at the reflective layer 318, the display tends to be dark, and in 
particular, the brightness of the display tends to be insufficient due to the color filter 
through which ambient light passes. In this embodiment, since the insulating film 314 has 
a refractive index closer to that of the transparent electrode 315 compared to that 
previously used as described above, the light transmittances of the constituent elements 



other than the liquid crystal layer can be increased, and hence, brightness sufficient for 
performing display can be ensured. In particular, when the optical thickness of a 
laminated portion formed of the insulating film 314 and the transparent electrode 315 is 
controlled to be approximately equal to 1/2X (X may be an optional wavelength in the 
visible wavelength region, i.e., 380 nm to 780 nm, and particularly, is preferably a 
standard wavelength 550 nm), the light transmittance can be improved. 
[0084] 

[Fourth Embodiment] 

Next, a liquid crystal device according to a fourth embodiment of the present 
invention will be more particularly described. In this embodiment, there is provided a 
liquid crystal panel 400 shown in Fig. 6. The liquid crystal panel 400 is a transflective and 
passive matrix liquid crystal panel which is formed by steps of adhering a reflective 
substrate 410 to an opposing substrate 420 by a sealing material 430, injecting, for 
example, TN (Twisted Nematic) type liquid crystal 440 via a liquid crystal inlet 430a 
provided in the sealing material 430, and sealing the liquid crystal inlet by an 
encapsulating material 431. 
[0085] 

In the reflective substrate 410, a plurality of transparent electrodes 415 aligned in 
parallel like stripes are formed on a substrate 411 composed of a glass or a plastic, and in 
the opposing substrate 420, a plurality of transparent electrodes 422 aligned in parallel 
like stripes are formed on a substrate 421 similar to that described above. The transparent 
electrodes 415 and the transparent electrodes 422 are disposed perpendicular to each other, 
and pixel areas formed at the crossing areas of the two types of electrodes are aligned in a 
matrix, so that a liquid crystal display area A is formed. Wires 418A are connected to the 
transparent electrodes 415, and wires 428 are connected to the transparent electrodes 422. 



[0086] 

The reflective substrate 410 has a portion 410T which extends beyond two sides of 
the opposing substrate 420 in an L-shape in plan view, and on the substrate extended 
portion 410T, semiconductor chips 461 and 462 are mounted. In addition, on the substrate 
extended portion 410T, the wires 418A connected to the transparent electrodes 415 extend 
as it is so as to be connected to the semiconductor chip 461. Furthermore, wires 418B are 
formed which are connected to the wires 428 for the transparent electrodes 422 via 
conductive particles 432 (see Figs. 7 and 8) dispersed in the sealing material 430, and the 
wires 418B are electrically connected to the semiconductor chip 462. In addition, the 
semiconductor chip 461 is also electrically connected to wires 419A on the substrate 
extended portion 410T, and the semiconductor chip 462 is also electrically connected to 
wires 419B on the substrate extended portion 410T. These wires 419A and 419B are 
electrically connected to a flexible circuit board 463 mounted on the end area of the 
substrate extended portion 410T. 
[0087] 

In the structural example described above, when the transparent electrodes 415 are 
designed as segment electrodes, and the transparent electrodes 422 are designed as 
common electrodes, the semiconductor chip 461 and the semiconductor chip 462 are 
designed so as to serve as a scanning line driving circuit and a signal line driving circuit, 
respectively. To the transparent electrodes 415 and the transparent electrodes 422, 
predetermined potentials are applied by the semiconductor chips 461 and 462 described 
above, and a predetermined voltage is applied to the liquid crystal 440 in each pixel area 
formed at the crossing point of the two types of electrodes. 
[0088] 

As shown in Fig. 7, on the surface of the substrate 111[411], an underlying layer 




413 containing Ta 2 O s , Zr0 2 , Ti0 2 . or the like is formed. This underlying Jayer 413 is 
formed on an approximately entire surface of the substrate 111[411] as shown in Fig. 9(a) 
by a sputtering method or the like. The underlying layer 413 is formed so as to improve 
the adhesion between the substrate 411 and the transparent electrodes 415 and, in this 
embodiment, is preferably formed of the same material as that for an insulating film 427 
provided on the opposing substrate 420, which is described later, by the same reason as 
that described in the third embodiment. That is, the underlying layer 413 may be formed 
of a material comprising one of Ta 2 O s , Zr0 2 , and Ti0 2 as a primary component, a material 
comprising at least two oxides described above as primary components, or a material 
comprising Ta 2 0 5 as a primary component and at least one of Zr0 2 , Ti0 2 , and Si0 2 mixed 
therewith. 

[0089] 

On the surface of the underlying layer 413, reflective layers 414 composed of a 
silver metal or a silver alloy are formed. In the reflective layers 414, opening portions 
414a are provided at each pixel area. 

[0090] 

In addition to a silver metal, the reflective layers 414 may be formed of an alloy 
composed of silver, and palladium, copper, or gold (such as Ag-Pd (a silver content of 90 
wt%), or Ag-Pd-Cu (a silver content of 95 wt%)). Since silver or a silver alloy has a 
higher reflectance than that of aluminum in the visible wavelength region, brightness of 
reflective display performed by the liquid crystal panel can be increased. As a material for 
forming the reflective layers, in addition to the silver and the silver alloy described above, 
another metal, such as aluminum, chromium, or the alloy thereof (such as Al-Nd), may be 
used. 

[0091] 



After a metal film 414X composed of the metal or the alloy described above is 
formed over the entire underlying layer 413 as shown in Fig. 9(b) by a sputtering method, 
a deposition method, or the like, as shown in Fig. 9(c), the reflective layers 414 extending 
in a strip-shape are formed by patterning using a photolithographic method and an etching 
method so as to be overlapped by the transparent electrodes 415 formed in a subsequent 
step. In this step, one or at least two opening portions 414a are provided in the reflective 
layer 414 in each pixel as shown in Fig. 8. 
[0092] 

On the entire reflective layer 414, a transparent conductive film 415X composed of 
ITOorthe like is formed as shown in Fig. 9(d), and subsequently, patterning is performed 
by a photolithographic method and an etching method, thereby the transparent electrodes 
415 are formed as shown in Fig. 9(e). The transparent electrodes 415 are formed each 
having a larger width than that of the reflective layer 414 so as to cover the entire 
reflective layers 414. In addition, both ends of the transparent electrode 415 in the width 
direction thereof extend beyond both edges of the reflective layer 414 so as to be in 
contact with the surface of the underlying layer 413, and as a result, the reflective layer 
414 is formed so as to be enclosed by the underlying layer 413 and the transparent 
electrode 415. 
[0093] 

Since the reflective layer 414 is enclosed by the underlying layer 413 and the 
transparent electrode 415 as described above, degradation, such as corrosion or the like, of 
the reflective layer 414 composed of a metal film can be prevented. In particular, when 
the reflective layer 414 is formed of silver or a silver alloy, the structure described above 
has a significant effect of preventing the reflective layer 414 from being degraded. 

[0094] 



In the opposing substrate 420, shading films 423 are formed on the substrate 421, 
so that light leakage occurred between the pixels is prevented. The shading film 423 may 
be formed of a black resin layer (a black color layer) or a metal film composed of 
chromium or the like. As the black resin layer, for example, a transparent resin mixed 
with a black coloring agent such as powdered carbon in addition to a coloring agent, such 
as a red, a green, or a blue pigment or dye, may be mentioned. In addition, in each pixel 
area, as shown in Fig. 8, color layers 424, R (red), G (green), and B (blue), are formed so 
as to have predetermined aligned patterns, respectively. 
[0095] 

On these shading films 423 and the color layers 424, a transparent surface 
protective layer 425 is formed, and on the surface of this protective film 425, an insulating 
film 427 is formed. This insulating film 427 is composed of the same material and is 
formed by the same method as those for the insulating films describe in the first to the 
third embodiments. On the insulating film 427, the transparent electrodes 422 composed 
of ITO are formed, and on the transparent electrodes," an alignment film 426 is further 
formed. 

[0096] 

In the liquid crystal panel 400, as shown in Fig. 7, on the external surface of the 
substrate 411, a retardation film (a 1/4-wavelength film) 451 and a polarizer 452 are 
sequentially formed, and on the external surface of the substrate 421, a retardation film (a 
1/4-wavelength film) 453 and a polarizer 454 are sequentially formed. 

[0097] 

In this embodiment, after ambient light incident on the substrate 421 passes 
through the liquid crystal 440, the light is reflected at the reflective layers 414 and again 
passes through the liquid crystal 440, and then emerges from the substrate 421, whereby 
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reflective display is realized. In addition, in the case in which a backlight or the like, 
which is not shown in the figure, is disposed at the back side of the substrate 411 so as to 
illuminate the liquid crystal panel 440, part of the illuminating light passes through the 
opening portions 414a provided in the reflective layers 414 and then passes through the 
liquid crystal 440, and the light subsequently emerges from the substrate 421, whereby 
transmissive display is also realized. 
[0098] 

[Fifth Embodiment] 

Finally, with reference to Figs. 10 to 14, a fifth embodiment of the present 
invention will be described. A liquid crystal device of this fifth embodiment is provided 
with a liquid crystal panel having an appearance substantially identical to that described ii 
the fourth embodiment. However, points differing from those in the fourth embodiment 
are that active elements are provided on one reflective substrate 510 forming the liquid 
crystal panel, and this reflective substrate 510 opposes a color filter substrate 520. 

[0099] 

First, the color filter substrate 520 of this embodiment will be described with 
reference to Fig. 10. Fig. 10(a) is a partly expanded plan view of the opposing substrate 
520, and Fig. 10(b) is a partly expanded cross-sectional view thereof. 

[0100] 

In this color filter substrate 520, shading films 523 similar to those in the fourth 
embodiment are formed at areas between pixels on a substrate 521 composed of a glass or 
a plastic, and in addition, color layers 524 having respective colors, such as R, G, and B 
are formed in each pixel. On the shading films 523 and the color layers 524, a transparent 
surface protective layer 525 is formed. On the surface protective layer 525, as described 
in the individual embodiments described above, an insulating film 527 containing one of 




Ta 2 0 5 , Zr0 2 , and TiO z is formed. This insulating film may contain one of Ta 2 0 5 , Zr0 2) 
and TiO z as a primary component as described above or may be composed of a mixture of 
at least two metal oxides described above. In addition, the insulating film may comprise 
Ta 2 O s as a primary component and at least one of Zr0 2 , Ti0 2 , and Si0 2 as a component 
added thereto. 
[0101] 

On the insulating film 527, transparent electrodes 522 composed of a transparent 
conductive material such as ITO are formed. The transparent electrodes 522 are formed in 
a strip-shape so as to extend to the right and left in Fig. 10(a) and are aligned in parallel so 
as to have a stripe pattern as a whole. On the entire transparent electrodes 522, an 
alignment film 526 is formed. 

[0102] 

Next, the reflective substrate 510 of this embodiment will be described with 
reference to Fig. 11(a). Fig. 11(a) is a partly expanded plan view of the reflective 
substrate 510, and Fig. 11(b) is a partly expanded cross-sectional view thereof. 

[0103] 

In the reflective substrate 510, as shown in Fig. 11(a), a reflective layer 514 and a 
transparent electrode 515 in each pixel are formed so as to overlap the color layer 524 of 
the opposing substrate 520 in plan view. In addition, in the transparent 
electrode[reflective layer] 514, opening portions 514a in the form of a slit are provided. A 
wire 510A extending up and down is electrically connected to the reflective layer 514 and 
the transparent electrode 515. 

[0104] 

As shown in Fig. 11(b), on a substrate 511, an underlying layer 513 is formed. This 
underlying layer 513 is formed of, as in the fourth embodiment, the same material as that 
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. for forming the insulating film 527 provided on the opposing substrate 520. In addition, 
on the underlying layer 513, a first metal layer 516 is formed, and this first metal layer 516 
is composed of a wire portion 516A provided inside the wire 510A and an elemental 
portion 516B separated from the portion 516A. On the surface of the first metal layer 516, 
an insulating thin-film 516a is formed by anodization. 
[0105] 

On the underlying layer 513 and the insulating thin-film 516a, a second metal layer 
is formed, part thereof is used as the reflective layer 514, and a remaining connecting 
portion 517 of the second metal layer connect the wire portion 516A of the first metal 
layer 516 and the elemental portion 516B. In addition, on the surfaces of these layers, a 
transparent conductive material such as ITO is formed, part thereof is used as the 
transparent electrode 515 so as to cover the reflective layer 514, and the remaining 
transparent conductive material is provided so as to cover the wire portion 516A and the 
connecting portion 517 described above. 
[0106] 

In this embodiment, a diode element 510B is formed at which the wire 510A and 
the elemental portion 516B are connected to each other with the insulating thin-film 516a 
provided therebetween, and a diode element 510C is formed at which the elemental 
portion 516B and the reflective layer 514 are connected to each other with the insulating 
thin-film 516a provided therebetween. The diode elements 510B and 510C are non-linear 
elements having asymmetric electrical properties[characteristics(?)] to each other. 
However, these two diodes are connected in series in which the connecting direction of the 
conductive materials with the insulating thin-film provided therebetween in one diode is 
opposite to that of the other diode, whereby these two diodes connected in series form one 
non-linear element having integrated symmetric electrical properties[characteristics(?)]. 
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[0107] 

Next, referring to Figs. 12 to 14, a process for manufacturing the reflective 
substrate 510 will be described in detail. As shown in Fig. 12(a), on the substrate 511, an 
underlying layer 513 comprising at least one of Ta 2 0 5 , Zr0 2 , and Ti0 2 as a primary 
component is formed. The underlying layer 513 can be formed by a sputtering method, a 
thermal oxidation method (an oxide is obtained by performing thermal oxidation on a 
metal film composed of Ta or the like formed by a deposition method or a sputtering 
method), or the like. 
[0108] 

Subsequently, as shown in Fig. 12(b), a first metal layer 516X is formed on the 
underlying layer 513. In general, the thickness of this first metal layer 516X is 
approximately 100 to 500 nm. As the first metal layer 516X, a Ta metal or one of various 
Ta alloys such as a Ta-W alloy may be used (as a metal added to Ta, in addition to 
tungsten, an element in Groups XI to XIII in the periodic table, such as chromium, 
molybdenum, rhenium, yttrium, lanthanum, or dysprosium, may be mentioned). This first 
metal layer 516X can be formed by a sputtering method, an electron beam deposition 
method, or the like. 

[0109] 

Next, as shown in Fig. 12(c), the first metal layer 516X is patterned by a 
photolithographic method and an etching method, so that a planar pattern shown in Fig. 
12(e) having the wire portion 516A and the elemental portion 516B branched off from this 
wire portion 516A is formed. Subsequently, a voltage is applied between a chemical 
solution, such as an aqueous solution containing citric acid, and the wire portion 516A and 
the elemental portion 516B thus patterned, whereby, as shown in Fig. 12(d), an insulating 
thin-film 516a having a small thickness (for example, a thickness of approximately 10 to 




35 mm) is formed on the surfaces of the wire portion 516A and the elemental portion 
516B. 

[0110] 

Next, a root portion of the elemental portion 516B branched off from the wire 
portion 516A is removed by etching or the like, whereby, as shown in Fig. 12(f), the wire 
portion 516A and the elemental portion 516B are separated from each other. 

[0111] 

Next, as shown in Fig. 13(a), a reflective metal composed of Al, an Al alloy, Cr, a 
Cr alloy, Ag, an Ag alloy, or the like is deposited by a deposition method or a sputtering 
method, whereby a second metal layer 517X is formed. Subsequently, the second metal 
layer 517X is patterned by a photolithographic method and an etching method, whereby 
the connecting portion 517 and the reflective layer 514 are formed as shown in Figs. 13(b) 
and (c). In this step, the opening portions 514a are simultaneously formed in the reflective 
layer 514. 

[0112] 

Next, as shown in Fig. 14(a), a transparent conductive material such as ITO is 
deposited by a sputtering method, so that a transparent conductive layer 515X is formed. 
This transparent conductive layer 515X is patterned by a photolithographic method and an 
etching method, whereby, as shown in Figs. 14(b) and (c), the transparent electrode 515 is 
formed so as to cover the entire reflective layer 514 and is also formed so as to cover the 
wire portion 516A and the connecting portion 517. 

[0113] 

The liquid crystal device, the color filter substrate, and the manufacturing methods 
therefor according to the present invention are not limited to the examples shown in the 
figures, and it is to be understood that changes and variations may be made without 



departing from the sprit or the scope of the present invention. 
[0114] 

For example, as a liquid crystal device, the liquid crystal devices in the 
embodiments described above may be changed to a transmissive, a reflective, or a 
transflective type, and in addition, various known techniques relating to a type of liquid 
crystal, a driving method, aligned pixel structure may be used. 
[0115] 
[Advantages] 

As has thus been described, according to the present invention described above, 
since both Ta 2 0 5 and Zr0 2 have corrosion resistance against an alkaline solution, film 
separation is unlikely to occur when the conductive film is patterned by using an alkaline 
solution. In addition, since Ta 2 O s , Zr0 2 , and Ti0 2 each has a refractive index higher than 
that of Si0 2 , the difference in refractive index between the insulating film and the 
conductive film can be decreased, and hence, the optical loss at the laminated portion 
formed of the insulating film and the conductive film can be decreased. 
[Brief Description of the Drawings] 
[Fig- 1] 

Fig. 1 is schematic perspective view showing the appearance of a liquid crystal 
panel according to a first embodiment of a liquid crystal device and a color filter substrate 
of the present invention. 
[Fig- 2] 

Figs. 2 includes a rough cross-sectional view (a) schematically showing the 
structure of the liquid crystal panel and a rough expanded plan view (b) schematically 
showing the structure of the color filter substrate according to the first embodiment of the 
liquid crystal device and the color filter substrate of the present invention. 
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[Fig. 3] 

Figs. 3(a) to 3(d) are cross-sectional views showing manufacturing steps of the 
color filter substrate forming the liquid crystal according tothe first embodiment. 
[Fig. 4] 

Figs. 4 includes a rough cross-sectional view (a) schematically showing the 
structure of a liquid crystal panel and a rough expanded plan view (b) schematically 
showing the structure of a color filter substrate according to a second embodiment of a 
liquid crystal device and a color filter substrate of the present invention. 
[Fig- 5] 

Figs. 5 includes a rough cross-sectional view (a) schematically showing the 
structure of a liquid crystal panel and a rough expanded plan view (b) schematically 
showing the structure of a color filter substrate according to a third embodiment of a liquid 
crystal device and a color filter substrate of the present invention. 
[Fig. 6] 

Fig. 6 is a rough perspective view showing the appearance of a liquid crystal panel 
according to a fourth embodiment of a liquid crystal device and a color filter substrate of 
the present invention. 
[Fig. 7] 

Fig. 7 is an expanded cross-sectional view of the liquid crystal panel (showing a 
state taken along the line IMI in Fig. 6) according to the fourth embodiment. 
[Fig. 8] 

Fig. 8 is a partly expanded plan view showing a planar structure of major 
constituent elements for the liquid crystal panel according to the fourth embodiment. 
[Fig. 9] 

Figs. 9(a) to 9(e) are cross-sectional views showing manufacturing steps of a 



reflective substrate according to the fourth embodiment. 
[Fig. 10] 

Fig. 10 is a rough expanded plan view showing a planar structure of a color filter 
substrate according to a fifth embodiment of a liquid crystal device and a color filter 
substrate of the present invention. 
[Fig. 11] 

Fig. 11 is a rough expanded plan view showing a planar structure of a reflective 
substrate according to the fifth embodiment. 
[Fig. 12] 

Fig. 12(a) to 12(d) are cross-sectional views showing manufacturing steps of the 
reflective substrate according to the fifth embodiment, and Fig. 12(e) and 12(f) are partly 
expanded plan views showing part of a planar pattern. 
[Fig. 13] 

Fig. 13(a) and 13(b) are cross-sectional views showing manufacturing steps of the 
reflective substrate according to the fifth embodiment, and Fig. 13(c) is a partly expanded 
plan view showing part of the planar pattern. 
[Fig. 14] 

Fig. 14(a) and 14(b) are cross-sectional views showing manufacturing steps of the 
reflective substrate according to the fifth embodiment, and Fig. 14(c) is a partly expanded 
plan view showing part of the planar pattern. 
[Reference Numerals] 

100 liquid crystal panel 

110 color filter substrate 

111 first substrate 

112 color layer 



113 surface protective layer 

114 insulating film 

115, 122 transparent electrode 

121 second substrate 

130 sealing material 

132 liquid crystal 

318 reflective layer 

413 underlying layer 



